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Introduction {#sec005}
============

Accessory nerve shoulder dysfunction is one of the most frequent complications after neck dissection. Ewing and Martin first described the clinical signs of shoulder disability after radical neck dissection, such as shoulder dropping, and limited range of motion of shoulder joint \[[@pone.0237133.ref001]\]. Even with selective neck dissection, the prevalence of spinal accessory nerve dysfunction is still around 9% to 25% \[[@pone.0237133.ref002]--[@pone.0237133.ref005]\]. In addition, electromyogram (EMG) studies showed significant spinal accessory nerve impairment \[[@pone.0237133.ref002]\] and decreased trapezius muscle activity after neck dissection \[[@pone.0237133.ref006], [@pone.0237133.ref007]\]. The decreased amplitudes of trapezius muscle persisted at least 9 months after neck dissection \[[@pone.0237133.ref008]\].

Behavior phenomena of accessory nerve shoulder dysfunction (e.g., pain and limited active range of motion (AROM) of shoulder joint) are often observed in head and neck cancer (HNC) survivors with neck dissection \[[@pone.0237133.ref009]--[@pone.0237133.ref011]\]. McGarvey et al. identified that the EMG activities of the affected upper trapezius (UT) and middle trapezius (MT) were lower than those of the unaffected side when performing scapular exercises such as shoulder shrug, overhead press, shoulder adduction and flexion, and one-arm row \[[@pone.0237133.ref006], [@pone.0237133.ref012]\]. In contrast, higher activities of rhomboid and the serratus anterior (SA) were observed in the affected side than the unaffected side \[[@pone.0237133.ref012]\]. The symptoms of scapular muscle imbalance highlight the need for muscle training and reeducation for HNC survivors with neck dissection. "Scapular dyskinesis" is associated with abnormal scapular muscle activation and muscle balance during static and dynamic movement \[[@pone.0237133.ref013]--[@pone.0237133.ref016]\], and has been linked to shoulder dysfunction and impairments in many previous studies \[[@pone.0237133.ref013], [@pone.0237133.ref015], [@pone.0237133.ref016]\]. Few articles have addressed the effects of scapular muscle training in HNC patients with neck dissection, which showed an improvement in behavior phenomena (e.g., shoulder pain and AROM) after scapular muscle training \[[@pone.0237133.ref011], [@pone.0237133.ref017], [@pone.0237133.ref018]\]. However, the training effect regarding scapular muscle activation is lacking.

In addition to neck dissection, radiation therapy is one of the contributing factors for shoulder dysfunction. Based on a large population-based study using the national cancer registry database, most cases (81%) start to receive adjuvant radiotherapy 4 weeks post-operation \[[@pone.0237133.ref019]\]. Many studies reported that patients suffer from shoulder impairment \[[@pone.0237133.ref020]--[@pone.0237133.ref022]\] and brachial plexus-related neuropathic symptoms \[[@pone.0237133.ref023]\] after adjuvant radiotherapy. For the problem of shoulder impairment, systematic reviews have shown early exercise implementation was more effective in improvement of shoulder joint range of motion following breast cancer surgery \[[@pone.0237133.ref024]\] and early intervention could prevent long-standing limitation of shoulder joint range of motion and function for frozen shoulder \[[@pone.0237133.ref025]\]. Although early physical therapy intervention for shoulder function has been conducted in some studies \[[@pone.0237133.ref011], [@pone.0237133.ref017]\], the training effect was confounded with radiation therapy.

It has been proposed that strengthening exercise has positive effect on regaining scapular muscle balance for scapular dyskinesis \[[@pone.0237133.ref026]--[@pone.0237133.ref029]\]. Furthermore, recent studies suggested motor control intervention is beneficial to restore scapular muscle balance by improving muscle recruitment pattern and scapular alignment with altering neurophysiological and biomechanical effects \[[@pone.0237133.ref030], [@pone.0237133.ref031]\]. The motor control techniques, such as palpation, manual contact, verbal cues or visual feedback, have been used to restore neuromuscular control \[[@pone.0237133.ref030], [@pone.0237133.ref032]\]. In addition, motor control intervention is also used to educate, correct, and facilitate alignment and coordination of movements \[[@pone.0237133.ref033]\].

The purpose of this study was to explore the effects of early motor control intervention with specific scapular strengthening exercises on behavior phenomena and scapular muscle activities in oral cancer survivors before initiation of adjuvant radiotherapy. We hypothesized that scapular strengthening exercises with motor control techniques would be more effective than regular exercise in releasing shoulder pain, improving AROM of shoulder joint and muscle activities.

Materials & methods {#sec006}
===================

Participants {#sec007}
------------

This study is a design of randomized controlled trial. The participants were enrolled from a Memorial Hospital from June 2018 to December 2018. The inclusion criteria were as follows: (1) newly diagnosed oral cancer subjects with neck dissection; (2) age between 20 and 65 years; and (3) having all of the clinical signs of accessory nerve shoulder dysfunction, which were shoulder droop, limited AROM of shoulder abduction, and insufficient muscle strength of shoulder abduction to against gravity. Participants were excluded if they (1) were pregnant or breastfeeding; (2) had distant metastasis or recurrence; (3) were unable to communicate or comprehend the questionnaires; (4) had a history of shoulder dysfunction before neck dissection (e.g., shoulder pain, tendinitis, tendon rupture, shoulder capsulitis, or neuropathy); or (5) had any disorder that could influence movement performance.

This study was approved by the Chang Gung Medical Foundation Institutional Review Board (Approval No: 201800026A3 and 201800026A3C502) and Clinical Trials (Approval No: NCT03545100). Written informed consent was obtained from all participants. Participants were randomly allocated into the motor-control group or regular-exercise group with block randomization by a researcher who did not involve in intervention and evaluations. The method of 4 participants in one block was used, and 2 participants were assigned into each group in every 4 participants. Each participant was blinded to the intervention allocation and accepted a 1-month intervention by a physical therapist. All the interventions were conducted by a different group of two certified physical therapists with an average of 6.5 years of clinical experience. Before the study, these two physical therapists accepted one-month training for intervention procedures and motor control techniques. Besides, all evaluations, including baseline (pre-test) and 1-month after the intervention (post-test), were conducted by another physical therapist with 24 years of clinical experience who was blinded to subject allocation.

A priori sample size calculation was performed using G\*power software based on a pilot study of 10 patients. The test family and statistical test which we used were F tests and 'MANOVA: Repeated measures, within-between interaction', respectively. We used the absolute values of serratus anterior muscle activities when performing a scapular muscle exercise (e.g., horizontal adduction and flexion) to estimate sufficient sample size (motor-control group: pre-test: 178.42±107.68; post-test: 123.99±20.37; regular-exercise group: pre-test: 211.36±217.69; post-test: 325.13±263.77). The significance level was set at α = 0.05, and the power was set at 0.8. Considering a 10% drop-out rate, the estimation indicated that a sample size of 38 participants was required (effect size = 0.5).

Interventions {#sec008}
-------------

Both regular-exercise and motor-control groups received conventional physical therapy, including pain management, scar massage, stretching, active and passive range of motion exercise of shoulder joint, and specific scapular strengthening exercises. Specific scapular strengthening exercises for the UT, MT, LT and SA muscles were based on previous studies and were administered respectively \[[@pone.0237133.ref012], [@pone.0237133.ref026]--[@pone.0237133.ref029]\]. The details of the strengthening exercises are shown in [S1 Table](#pone.0237133.s001){ref-type="supplementary-material"}. For the specific scapular strengthening exercises, participants in the regular-exercise group were instructed to perform the exercises without any information about the muscle involved or alignment of scapula. In contrast, participants in the motor-control group received anatomy education about the scapular muscles, including their function and proper alignment before performing specific scapular strengthening exercises. A physical therapist instructed and facilitated the participants in controlling the scapula with arm movement by manual contact and verbal cues during exercises for the motor-control group. The intervention sessions were performed 5 days a week during hospitalization and 1 day a week after discharged from the hospital, with 60 minutes for each session. All participants were instructed to perform individual home-programs for 60 minutes per day, and they were requested to record the performed exercise in exercise diaries.

Outcomes {#sec009}
--------

To assess shoulder behavior, we measured the AROM of shoulder abduction since it is the most affected movement after neck dissection \[[@pone.0237133.ref003], [@pone.0237133.ref034]\] and shoulder pain at rest by a 10 cm visual analog scale (VAS) \[[@pone.0237133.ref004], [@pone.0237133.ref035]\]. AROM was taken by a senior physical therapist with a two-arm goniometer under standard procedures, and the means of three measurements were recorded. The internal reliability of the two-arm goniometer is 0.58 to 0.99, and the concurrent validity was good compared with a digital inclinometer (ICC = 0.85) for shoulder abduction \[[@pone.0237133.ref036]\].

To measure the muscle activities during exercises, muscle activities of the UT, MT, LT, and SA were recorded using surface EMG electrodes (Ambu^®^ BlueSensor NF-50-K, Malaysia) and an AC amplifier (gain: 5000, cut-off frequency: 10--450 Hz; Model: QP511, GRASS, USA). Surface EMG is a non-invasive and high reliable methodology to measure muscle activity \[[@pone.0237133.ref037], [@pone.0237133.ref038]\]. The investigator conducted surface EMG recording with a standardization procedure, especially for the electrode position. The placement of the EMG electrodes was in accordance with the recommendations for surface EMG sensor placement \[[@pone.0237133.ref039]\] and previous studies \[[@pone.0237133.ref026], [@pone.0237133.ref040]\]. For the UT, the EMG electrodes were placed in the middle between the 7th cervical vertebra and the posterior tip of the acromion process. For the MT, the EMG electrodes were placed between the 3rd thoracic vertebra and the root of the spine of the scapula. For the LT, the EMG electrodes were placed at the 2/3 position of the line from the trigonum spinea to the 8th thoracic vertebra. For the SA, the EMG electrodes were placed at the intersection of mid axillar line and the inferior angle of the scapula. Reference electrodes were placed over the 7th cervical vertebra, 3rd and the 8th thoracic vertebra, and acromion process for the UT, MT, LT, and SA, respectively. The sampling rate of the EMG signal was 1000 Hz.

Before electrode application, the skin was cleaned with alcohol and shaved if needed. Every participant was requested to perform 7 testing tasks, including 4 maximum voluntary isometric contraction (MVIC) tasks for the UT, MT, LT and SA muscles, and 3 tasks of scapular muscle exercise. Because some participants were unable to maintain prone position due to tracheostomy at pre-test, the 3 scapular muscle exercises were performed in an upright posture, including shoulder shrug with 1-kg weight, shoulder horizontal adduction and flexion, and one-arm row with 1-kg weight for each participant \[[@pone.0237133.ref011], [@pone.0237133.ref012], [@pone.0237133.ref028], [@pone.0237133.ref029]\]. Details of the MVIC tasks and 3 tasks of scapular muscle exercise were illustrated in [S2 Table](#pone.0237133.s002){ref-type="supplementary-material"}.

When performing the MVIC tasks, the participants placed their limbs to the standard testing position, and then kept the limbs in the standard testing position with bearing the force resistance which was provided by the physical therapist for 5 seconds. Each MVIC task was repeated 3 times with a 30-second rest between each repetition. There was a 60-second rest between different MVIC tasks. The root mean square (RMS) of the EMG data from the 2nd to the 5th second of the MVIC task was analyzed. When performing the tasks of scapular muscle exercise, the participants were asked to remain at the target position for 10 seconds and the task was repeated 3 times. The RMS of the EMG data from the 3rd to 6th seconds for each scapular muscle was analyzed. The RMS of the EMG data was normalized by the MVIC and presented as %MVIC. All raw EMG data were visually inspected for artifacts. If there was an artifact, artifacts were excluded and the task was repeated.

Statistical analysis {#sec010}
--------------------

The Generalized Estimating Equations (GEE) procedure was conducted to analyze repeated measures outcome variables over time \[[@pone.0237133.ref041]\]. GEE has the benefit to provide higher power with small sample size for repeated measurements with complete or missing data \[[@pone.0237133.ref042]--[@pone.0237133.ref044]\]. We used the GEE model with an exchangeable working correlation matrix. Separate models were run for each muscle and each task. The level of significance was set at *p*\<0.05. Statistical analyses were completed using SPSS version 21 (SPSS Inc., USA).

Results {#sec011}
=======

A total of 38 participants were analyzed in the present study. Thirty-five participants received single-side neck dissection; whereas 3 participants received bilateral neck dissection (2 in the motor-control group; 1 in the regular-exercise group), and the data of the worse side were analyzed. The CONSORT flow diagram is shown in [Fig 1](#pone.0237133.g001){ref-type="fig"}. [Table 1](#pone.0237133.t001){ref-type="table"} presents the participants' demographic and clinical characteristics. There was no significant difference at baseline measurements and in the number of intervention sessions during hospitalization between the two groups (regular-exercise group: 4.6±2.9 sessions; motor-control group: 5.8±3.6 sessions, *p* = 0.251). Each participant accepted intervention for 3 consecutive weeks after discharged from the hospital. The exercise diaries containing home-programs were checked by the physical therapist that provided the treatment. All participants followed the instructions and didn't present any side effects or complain about the treatment. Only 2 participants discontinued in the motor control group due to a busy schedule ([Fig 1](#pone.0237133.g001){ref-type="fig"}).

![CONSORT flow diagram.](pone.0237133.g001){#pone.0237133.g001}

10.1371/journal.pone.0237133.t001

###### Demographic and clinical characteristics of the study participants.

![](pone.0237133.t001){#pone.0237133.t001g}

  Characteristic                          Randomized (n = 38)   
  --------------------------------------- --------------------- ----------
  Age (yr), mean (SD)                     52.7 (9)              49.1 (9)
  Male, n (%)                             17 (94)               20 (100)
  Days after surgery (dy), mean (SD)      11.4 (5)              12.3 (5)
  Area of cancer, n (%)                                         
   Buccal                                 11 (61)               9 (45)
   Lower gingiva                          1 (6)                 0 (0)
   Lower gum                              3 (17)                3 (15)
   Lower lip                              1 (6)                 1 (5)
   Mouth floor                            0 (0)                 2 (10)
   Tongue                                 2 (11)                5 (25)
  Disease stage, n (%)                                          
   I                                      0 (0)                 2 (10)
   II                                     6 (33)                2 (10)
   III                                    2 (11)                3 (15)
   IV                                     10 (56)               13 (65)
  Neck dissection, n (%)                                        
   Selective neck dissection              13 (72)               17 (85)
   Modified neck dissection               5 (28)                3 (15)
  Affected side, n (%)                                          
   Left                                   9 (50)                12 (60)
   Right                                  9 (50)                8 (40)
  Affected side is dominant side, n (%)   10 (56)               8 (40)
  Donor site, n (%)                                             
   ALT flap                               8 (44)                13 (65)
   ALT and VL flap                        1 (6)                 0 (0)
   Fubular OSC flap                       5 (28)                4 (20)
   Fubular OSC flap and ALT flap          2 (11)                0 (0)
   Medial sural artery perforator flap    1 (6)                 0 (0)
   Profunda artery perforator flap        1 (6)                 3 (15)

ALT, Anterolateral thigh flap; VL, vastus lateralis; Fibular OSC flap, Fubular osteoseptocutaneous flap.

Shoulder behavior outcomes {#sec012}
--------------------------

The GEE results showed a significant time effect (95% CI 0.01 to 2.42, *p* = 0.049) on the VAS score of shoulder pain without group (95% CI: -0.90 to 2.01, *p* = 0.456) and interaction (95% CI: -1.51 to 1.88, *p* = 0.830) effects. The shoulder pain score (VAS) decreased by 1.40 (95% CI: -0.21 to -2.59, *p* = 0.021) in the regular-exercise group and by 1.21 (95% CI: -0.01 to -2.42, *p* = 0.049) in the motor-control group. Also, the AROM of shoulder abduction had a significant time effect (95% CI: -20.51 to -3.80, *p* = 0.004) without group (95% CI: -22.91 to 1.97, *p* = 0.099) and interaction (95% CI: -6.28 to 16.61, *p* = 0.376) effects. The post-hoc showed the improvement of AROM was only found in the motor-control group which was from 124.75 degrees to 136.91 degrees (95% CI: 3.80 to 20.51, *p* = 0.004), but not in the regular-exercise group which was 119.44 degrees at pre-test and 126.44 degrees at post-test.

Scapular muscle activations {#sec013}
---------------------------

[Fig 2](#pone.0237133.g002){ref-type="fig"} illustrates the results of the EMG activities under the 4 MVIC conditions. Although there were no group and interaction effects in each muscle under any MVIC condition, there were significant time effects of EMG RMS in the UT, MT, LT, and SA muscles (*p*\<0.001) with greater RMS value after 1-month intervention.

![The EMG activities under the 4 MVIC conditions.\
(A) Upper trapezius. (B) Middle trapezius. (C) Lower trapezius. (D) Serratus anterior. The *p* values are shown if any significant difference (*p*\<0.05) between the groups or pre-post tests in that muscle.](pone.0237133.g002){#pone.0237133.g002}

For the task of scapular muscle exercise of shoulder shrug with 1-kg weight ([Fig 3](#pone.0237133.g003){ref-type="fig"}), the model analyzed by GEE revealed a time effect (95% CI: 1.29 to 33.07, *p* = 0.034) on the UT activation (%MVIC) without group (95% CI: -20.73 to 20.33, *p* = 0.985) and interaction (95% CI: -29.80 to 13.97, *p* = 0.478) effects. The UT activation decreased after a 1-month training only in the motor-control group (95% CI: -33.06 to -1.29, *p* = 0.034). However, muscle activation of the MT, LT, and SA did not change after a 1-month training in both groups.

![Muscle activites in each muscle to perform shoulder shrug.\
(A) Upper trapezius. (B) Middle trapezius. (C) Lower trapezius. (D) Serratus anterior. The *p* values are shown if any significant difference (*p*\<0.05) between the groups or pre-post tests in that muscle.](pone.0237133.g003){#pone.0237133.g003}

For the task of shoulder horizontal adduction and flexion ([Fig 4](#pone.0237133.g004){ref-type="fig"}), the model analyzed by GEE revealed a time effect (95% CI: 1.32 to 29.68, *p* = 0.032) on the MT activation without group (95% CI: -21.58 to 20.01, *p* = 0.941) and interaction (95% CI: -16.92 to 21.97, *p* = 0.799) effects. The MT activity decreased after a 1-month training in both motor-control (95% CI: -29.68 to -1.32, *p* = 0.032) and regular-exercise (95% CI: -31.32 to -4.73, *p* = 0.008) groups. Surprisingly, there were group (95% CI: 0.58 to 156.79, *p* = 0.048), time (95% CI: 27.68 to 29.73, *p*\<0.001), and interaction (95% CI: -59.20 to -56.42, *p*\<0.001) effects on the muscle activity of the SA. The post-hoc showed that after a 1-month training, the SA activity increased in the regular-exercise group (95% CI: 28.16 to 30.05, *p*\<0.001) but decreased in the motor-control group (95% CI: -29.73 to -27.68, *p*\<0.001). Both the UT and LT muscle activities were not affected during the task of shoulder horizontal adduction and flexion in both groups.

![Muscle activites in each muscle to perform horrizontal adduction and flexion.\
(A) Upper trapezius. (B) Middle trapezius. (C) Lower trapezius. (D) Serratus anterior. The *p* values are shown if any significant difference (*p*\<0.05) between the groups or pre-post tests in that muscle.](pone.0237133.g004){#pone.0237133.g004}

For the task of one-arm row ([Fig 5](#pone.0237133.g005){ref-type="fig"}), there were no time, group or interaction effects on each muscle activity.

![Muscle activites in each muscle to perform one-arm row.\
(A) Upper trapezius. (B) Middle trapezius. (C) Lower trapezius. (D) Serratus anterior. The *p* values are shown if any significant difference (*p*\<0.05) between the groups or pre-post tests in that muscle.](pone.0237133.g005){#pone.0237133.g005}

Discussion {#sec014}
==========

To the best of our knowledge, this is the first study to investigate the effects of early intervention of specific scapular strengthening exercises with motor control techniques on shoulder behavior and scapular muscle activation during the interval between surgery and initiation of radiotherapy in oral cancer survivors with shoulder dysfunction. Some previous studies reported that progressive resistance exercise reduced shoulder pain and improved muscle strength of upper extremities for HNC survivors with neck dissection \[[@pone.0237133.ref009], [@pone.0237133.ref010]\]. However, these studies have attracted some criticism because the intervention started up to 18 months after neck dissection and the training was not specific to accessory nerve-related muscles \[[@pone.0237133.ref018], [@pone.0237133.ref045]\]. It has been reported that the MVIC of the trapezius decreased by 70% at 21 to 30 days after neck dissection compared to the pre-operative value \[[@pone.0237133.ref007]\], and lasted at least for 9 months \[[@pone.0237133.ref008]\]. Also, neck dissection led to lower EMG activities of affected UT and MT compared with the unaffected side \[[@pone.0237133.ref006], [@pone.0237133.ref012]\]. Therefore, the effect of early intervention specific to accessory nerve-related muscles for the restoration of muscle activation after neck dissection is worth further study. In the model analyzed by the GEE procedure, early intervention of specific scapular strengthening exercises with or without motor control techniques all decreased shoulder pain and increased muscle activity of MVIC of each muscle after a 1-month intervention. Furthermore, motor control has more benefits for shoulder joint ROM of abduction and scapular muscle activities when performing scapular muscle exercises.

Shoulder behavior outcomes {#sec015}
--------------------------

One of our key findings is that early intervention released shoulder pain and improved AROM of shoulder abduction. Regarding shoulder pain measured by VAS, both groups showed a significant decrease in shoulder pain intensity. The evidence of shoulder pain reduction by specific scapular strengthening exercises was provided in patients with shoulder impingement syndrome \[[@pone.0237133.ref046], [@pone.0237133.ref047]\]. In addition, it has been proposed that pain reduction after scapular strengthening exercises was related to regained scapular muscle balance \[[@pone.0237133.ref026]--[@pone.0237133.ref029]\]. Although McGarvey et al.'s study showed that early physical therapy intervention with scapular strengthening exercises did not have benefits to shoulder pain for patients with neck dissection, they suggested the non-improvement phenomenon might because many participants underwent radiation therapy during the intervention, and radiation therapy would impede the effects of the intervention \[[@pone.0237133.ref011]\]. In the present study, none participants underwent radiation therapy during the intervention, and the participants of both the motor-control group and the regular-exercise group showed reduced shoulder pain after a 1-month intervention. Our results proved that early physical therapy intervention with specific scapular strengthening exercises indeed had a positive effect on pain reduction in oral cancer survivors with neck dissection.

Furthermore, improvement in AROM of shoulder abduction was observed only in the motor-control group, the mean change achieved a minimal clinically important difference (11--16 degrees) \[[@pone.0237133.ref048]\]. In contrast, there was no significant improvement in the regular-exercise group after the intervention. It has been reported that motor control training with consciously correct scapular orientation could change scapular kinematics and increase AROM of shoulder joint for patients with shoulder impingement \[[@pone.0237133.ref030], [@pone.0237133.ref032]\], but the training effect for patients with HNC was not proven. In the present study, the physical therapist used manual contact and verbal cues to instruct and correct scapular movement for the motor-control group. Combined verbal and hepatic feedbacks allow participants to enhance motor learning by improving temporal muscle activation of motor tasks \[[@pone.0237133.ref049]\]. Because the control of scapular alignment (e.g., scapular upward rotation and posterior tilt) is critical for the movement of arm elevation such as shoulder abduction \[[@pone.0237133.ref050], [@pone.0237133.ref051]\], motor control training with manual contact and verbal cues from a physical therapist could help the patients to learn how to control the alignment of the scapula during arm movement. The present study confirmed that motor control intervention has a greater benefit to improve AROM of shoulder abduction for HNC survivors with neck dissection.

Scapular muscle activations {#sec016}
---------------------------

Specific scapular strengthening exercises could increase trapezius muscle activation in patients with shoulder pathology \[[@pone.0237133.ref027], [@pone.0237133.ref029]\] and in HNC patients with shoulder dysfunction \[[@pone.0237133.ref012]\]. The present study investigates the effects of scapular muscle exercises on patients with oral cancers based on a 1-month intervention duration. According to our results, increased absolute muscle activation values under MVIC conditions for each target muscle were observed in both groups after intervention. EMG activities increased after short-term training was associated with neural adaption by increased motor unit firing rate leading to increased muscle activation \[[@pone.0237133.ref052], [@pone.0237133.ref053]\]. Even though shoulder girdle stretching and manual therapy (e.g., glenohumeral and scapulothoracic joints mobilizations) were proposed to be effective in reducing shoulder pain \[[@pone.0237133.ref054], [@pone.0237133.ref055]\], it is less clear if either stretching or manual therapy could lead benefits to muscle activities. Based on the results of the present study, we suggested that specific scapular strengthening exercises are not only effective in pain reduction but also in the restoration of scapular muscle activities in oral cancer survivors with neck dissection.

Besides increased muscle activities under MVIC conditions, a decreased muscle activation of UT when performing shoulder shrug with 1-kg weight was identified in the motor-control group after the 1-month intervention. The decreased muscle activation could be a phenomenon of neural adaptation or muscle economy after resistance training that less motor units are required for producing a given force \[[@pone.0237133.ref056]\]. Since the UT is the primary mover of shoulder shrug, achieving a motor task with smaller muscle activation indicates the participants consumed less muscle effort for the task. The results indicated that motor control intervention prompted participants to be aware of controlling the alignment of scapula during movement and to increase the efficacy to perform the movement.

Surprisingly, relative to pre-test, the present study identified the muscle activation of SA decreased after a 1-month intervention in the motor-control group when performing the task of shoulder horizontal adduction and flexion. In contrast, the activity of SA increased after intervention in the regular-exercise group. In McGarvey et al.'s studies, HNC survivors with neck dissection showed greater muscle activity of SA in the affected side than the unaffected side when performing scapular exercise \[[@pone.0237133.ref006], [@pone.0237133.ref012]\]. The function of SA muscle is to stabilize the medial border of the scapula on the chest wall when elevating the arm overhead and protracting scapula \[[@pone.0237133.ref057]\] (i.e. shoulder horizontal adduction and flexion). Greater SA activity was suggested to be a compensatory effect for insufficient strength of trapezius muscle \[[@pone.0237133.ref006]\]. The present study provides the evidence that strengthening exercises with motor control techniques for scapular muscles is effective in proprioception training for scapula orientation and inhibiting muscle compensation in oral cancer patients with shoulder dysfunction.

Similar to our findings, Huang and his colleagues have reported that motor control intervention by progressive conscious control scapular orientation with arm movement could immediately restore intramuscular ratio in patients with clinical shoulder impingement \[[@pone.0237133.ref031]\]. In addition, enhanced muscle recruitments and duration of activation of SA muscle were identified in patients with clinical shoulder impingement after a 12-week motor control intervention \[[@pone.0237133.ref030]\]. Compared to pre-intervention, the recruitment pattern of SA muscle was similar to healthy controls without delayed onset and early termination of activity during arm movement. Different from impingement syndrome, neck dissection-related shoulder dysfunction originates from neuromuscular dysfunction. As the nerve function recovers after neck dissection, motor control intervention is also recommended for regaining neuromuscular interaction to stabilize the scapula and to coordinate with arm movement.

Although the LT is the primary muscle for the one-arm row \[[@pone.0237133.ref028]\], our results did not show a muscle activity change of the LT in the task of one-arm row. Since the LT is a large muscle and is innervated by the spinal accessory nerve with the longest distance from the posterior cervical triangle \[[@pone.0237133.ref057]\]. We suggested it may require longer training duration for nerve reinnervation to recruit motor units to achieve the significant change of LT muscle activation. Besides, the main function of the LT is to depress and posterior tilt the scapula, which is not easy to be trained specifically. Further study to explore the long-term effects of specific scapular muscle strengthening exercises on the LT with motor control is needed.

Study limitations {#sec017}
-----------------

There were some limitations in this study. First, we did not measure the absolute values of force output in the MVIC conditions. Although the muscle activity of MVIC increased after strengthening exercise, the muscle activity is uncertain to be equivalent to the real muscle force. Second, the scapular kinematics was not measured in this study. It can provide information on scapular movement and the biomechanical effects of motor control intervention. Third, we did not measure the EMG activities before the operation of neck dissection. The value of the EMG activities before the neck dissection may provide the object reference. Further study is needed to evaluate the long-term functional or biomechanical effects of motor control intervention with specific scapular muscle strengthening programs.

Conclusions {#sec018}
===========

Shoulder dysfunction is common in patients with oral cancer after neck dissection. This is the first study to investigate the effects of early intervention of specific scapular strengthening exercises with motor control techniques on shoulder behavior and scapular muscle activation in oral cancer survivors with shoulder dysfunction. Based on our results, we suggested the intervention of specific scapular strengthening exercises with motor control techniques immediately after neck dissection is necessary for relieving shoulder pain, improving shoulder AROM, and reducing compensatory scapular muscle activities in oral cancer survivors with shoulder dysfunction. In the future, exploration of the long-term effects of motor control with scapular strengthening exercise is suggested to understand the progression of shoulder behavior and scapular muscle activations even under the effects of radiation therapy.
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